Introduction
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Litterfall from deciduous and evergreen trees is a primary mechanism by which nutrients are returned to the 
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The second and third phases of leaf litter decomposition are characterized by microbially mediated 22 breakdown of labile organic material and refractory structural components, all of which is enhanced by physical and 23 biological fragmentation of the litter (Harrison and Mann, 1975) . Since refractory compounds make up the bulk of 24 leaf mass, these latter stages of decay operate over longer time scales than leaching, resulting in a gradual loss of 25 reduced carbon over time. However, relative to carbon, there is often a considerable amount of nutrient 26 accumulation associated with increasing microbial biomass in the detritus complex. Studies on the decay of a 27 variety of estuarine macrophytes have shown significant accumulation of N and P relative to carbon on temporal
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As others have previously shown, we anticipated high leaching losses of carbon, nitrogen, and phosphorus 11 from the leaves over the first few weeks of decomposition. We also expected that the low availability of N and P in 12 this oligotrophic wetland would result in the long-term accumulation of these nutrients into the detritus matrix, as 13 has been shown for nitrogen in many other systems. Finally, we compared our results with data synthesized from 14 numerous estuarine macrophyte decomposition studies to reveal any temporal trends in litter C, N, and P dynamics. (Onuf et al., 1977; Feller, 1995) . As a result, much of the annual litter production (and associated 1 nutrients) is made available to higher trophic levels only through detrital pathways.
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The hydrology of the Southern Everglades mangrove zone is micro-tidal (< 5 cm tidal range) and seasonal 3 in rainfall and discharge (wet and dry seasons). Therefore, the direction and velocity of flow and salinity patterns in 4 mangrove creeks such as Taylor River are driven by the interaction of precipitation, upland runoff, and wind, the 5 combination of which leads to a net southerly flow and oligohaline/fresh conditions throughout much of the wet 6 season (usually from June -November) and no net flow and mesohaline/polyhaline conditions throughout the dry 7 season (Sutula, 1999). Furthermore, dwarf mangrove wetlands in this area are characterized by persistent standing 8 water throughout most of the year, and the soils are completely exposed to the atmosphere only during an extended 9 drought (S. Davis, pers. observ.).
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Materials and Methods
12
For both experiments, we collected nearly-senesced, yellow leaves from dwarf red mangrove trees along 13 the lower Taylor River in the southern portion of Everglades National Park (Figure 1) 
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After collection, litterbags were immediately taken to the laboratory and prepared for analysis. Leaves 3 were removed from each bag, gently washed to remove sediment and then oven-dried to constant weight at 60 °C.
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We calculated % DMR by dividing DM t by DM 0 and multiplying by 100. A sub-sample of dried tissue from each 5 litterbag was ground to a fine powder and analyzed for C, N, and P content using the same procedures as described 6 for the leaching experiment. had lost 33% ± 6% and 41% ± 17% of their initial dry mass, respectively, but these did not differ significantly.
19
The C, N, and P content of the leaves in the leaching experiment showed little inhibitor effect (poison vs. 
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We observed substantial changes in water chemistry throughout the leaching study. Bottles with leaves 11 showed significant increases in TOC, TN, and TP over the 3-week study ( The C, N, and P contents of the litterbag leaves were consistent between sites. The relative carbon content 1 of litterbag leaves increased from about 44% to as much as 55% over the first 3 months of the study, but then 2 declined, approaching initial levels by the end of the study (Figure 4b ). Normalized to dry mass of tissue, this 3 pattern was not evident, as the absolute concentration of carbon decreased over the course of the entire experiment 4 (Figure 4c ). Patterns for nitrogen and phosphorus in these leaves were comparable with significant increases in the 5 relative and absolute content occurring over the entire year of this study (Figures 4b and 4c) . Mean relative nitrogen 6 increased from 0.6% to 1.7% and absolute values nearly doubled (0.03 to 0.05 g). Long-term increases in 7 phosphorus were somewhat similar, with relative P increasing from a mean of 0.009% to 0.029% and absolute P 8
increasing from an initial average of 0.4 mg to 0.9 after 1 year (Figures 4b and 4c ). 21 Mackey and Smail, 1996) . As anticipated, leaching losses translated to substantial fluxes of TOC, TN, and TP to the water column, with highest flux rates occurring during the first few days of leaf submergence (Table 1) .
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We found no inhibitor effects on total fluxes of C, N, and P or on litter C, N, and P content throughout the 24 study. This supported the notion that leaching was the principal process contributing to materials loss during the 25 early phase of R. mangle leaf litter decay. After 361 days, the relative concentration of C in the litter was no 26 different than % C in the leaching leaves. However, relative concentrations of N were significantly higher after 27 long-term decomposition in the field (1.6±0.09) than after 21 days of leaching (0.53±0.08). In addition, relative P 1 leaching leaves was double the initial content of the litterbag leaves (Figures 2 and 4 ). This N and P enrichment 2 over time signifies the microbial contribution to the long-term control of red mangrove leaf litter quality. 
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Early changes in N seem to be variable and may be related to soluble protein content in the leaf tissue 19 (Table 2) (Table 2) . We found a small, early decrease in leaf % N with 23 initial C:N also ranging from 90-110 (Table 2) . The difference, as described by Twilley et al. (1986b) , may be 24 controlled by the amount of N available to microbial decomposers. Perhaps the greater availability of N (relative to 25 P) at our Southern Everglades sites accounted for the differences we observed in R. mangle leaf decomposition.
found a significant increase in the TP content of the leachate in the bottles that coincided with an apparent decrease 1 in the mean % P content of the leaves. High P leaching from estuarine macrophytes is believed to be a result of the 2 large inorganic fraction of P in leaf tissue, as opposed to N, which is mostly organic (Twilley et al., 1986b). Data in 3 Table 2 suggest that estuarine macrophyte litter can be a rapid, short-term source of N and P to the environment, 
(5 species of mangrove and 2 species of cordgrass). Tabular data and reference for each decomposition study are
